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The main goals of sunflower breeding in Yugoslavia and abroad 
are increased seed yield and oil content per unit area and increased 
resistance to diseases, insects and stress conditions via an optimization of 
plant architecture. In order to determine the mode of inheritance, gene 
effects and correlations of total leaf number per plant, total leaf area and 
plant height, six genetically divergent inbred lines of sunflower were 
subjected to half diallel crosses. Significant differences in mean values of 
all the traits were found in the F1 and F2 generations. Additive gene 
effects were more important in the inheritance of total leaf number per 
plant and plant height, while in the case of total leaf area per plant the 
nonadditive ones were more important looking at all the combinations in 
the F1 and F2 generations. The average degree of dominance (H1/D)1/2 was 
lower than one for total leaf number per plant and plant height, so the 
mode of inheritance was partial dominace, while with total leaf area the 
value was higher than one, indicating superdominance as the mode of 
inheritance. Significant positive correlation was found between total leaf 
area per plant and total leaf number per plant (0.285*) and plant height 
(0.278*). The results of the study are of importance for further sunflower 
breeding work. 
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INTRODUCTION 
The sunflower is the main crop for the production of edible oil in many 
countries of the world, including Yugoslavia. The main goals of sunflower 
breeding are increased seed yield and oil content per unit area, sink capacity, 
harvest index, and resistance to dominant diseases and insects as well as optimized 
plant architecture, earlier maturity (via shortened vegetative phase) and improved 
adaptability (ŠKORIĆ, 2002). The development of sunflower lines and hybrids is 
aimed at developing hybrids with changed appearance, or plant architecture, that 
should produce increased plant number per unit area and hence increased yields in 
intensive agronomic practice conditions.  
Selection of genotypes to be used for hybridization from the existing 
genetic material requires parents that have the desired traits, which, in turn, makes 
it necessary to study the mode of inheritance, gene effects and interdependence of 
total leaf number per plant, total leaf area and plant height.  
Leaf number and size determine total leaf, or assimilatory, area. Additive 
gene action for total leaf area per plant was found by KOVAČIK (1960), 
NEDELJKOVIĆ et al. (1992), and KUMNAR et al. (1998) and dominant one by 
MOROZOV (1947), SINDAGI et al. (1980), MARINKOVIĆ (1982), CHAUDHARY and 
ANAND (1985)  
According to SAKAČ et al. (1997), moderate leaf area size and greater leaf 
area longevity are significant factors in obtaining high seed and oil yields per 
sunflower plant as well as sunflower crop. ŠKORIĆ (1989) reports finding that the 
maximum leaf area in F1 hybrids should be 6,000 to 7,000 cm2 per plant.  
Partial dominance as the mode of inheritance and additive gene action for 
leaf area size are reported by KRALJEVIĆ-BALALIĆ (1975) in wheat and CECOONI 
and BALDINI (1991) in sunflower. According to MOROZOV (1974), MARINKOVIĆ 
(1980), ŠKORIĆ (1985), CHAUDHARY and ANAND (1985), KOVAČIK and ŠKALOUD 
(1990) and JOKSIMOVIĆ et al. (1997), the nonadditive component of genetic 
variance had more importance in the inheritance of this trait and the modes of 
inheritance were dominance and superdominance.  
The optimum average plant height for sunflower hybrids is 160-180 cm 
(SHABBANA, 1974; ŠKORIĆ, 1975). The development of sunflower hybrids with a 
plant height changed to 120-150 cm would bring about higher resistance to lodging 
and easier cultivation and harvesting (SCHENEITER, 1988). One of the more recent 
goals of sunflower breeding is breeding for increased harvest index and improved 
resistance to lodging via reduced plant height (MARINKOVIĆ and DOZET, 1997).  
PUTT (1965), VELKOV (1977), MARINKOVIĆ (1981), DUA and YADAVA 
(1985) report a larger contribution of nonadditive genetic variance. TYAGI (1988), 
KOVAČIK and ŠKALOUD (1990), and GANGAPPA et al. (1997) found that plant 
height is determined by additive and nonadditive gene action, while RAO and 
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SINGH (1977) argue that the additive component of genetic variance is of greater 
importance that nonadditive one in the inheritance of plant height in sunflower.  
Selection of genotypes to be used for hybridization from the existing 
genetic material requires parents that have the desired traits, which, in turn, makes 
it necessary to study the mode of inheritance, gene effects and interdependence of 
total leaf number per plant, total leaf area and plant height.  
MATERIALS AND METHODS 
In order to determine gene effects and heritability of sunflower yield 
components in the F1 and F2 generations, six genetically divergent inbred lines 
(OCMS1, NS-204B, NS-22B, NS-BD, NS-NDF, and NS-K) developed at the 
Institute of Field and Vegetable Crops in Novi Sad were subjected to half diallel 
crosses (the main characteristics of the inbreds are discussed in HLADNI (1999)). A 
randomized block design with three replicates was used in a trial established at the 
Rimski Šančevi site. The trial included six inbred lines, 15 F1 hybrids and 15 F2 
hybrids. Sample plants to be used for analysis were taken from central rows 
(excluding the outermost plants) as follows: five plants per replicate from parental 
lines and F1s and 30 plants per replicate from the F2 generation. Relevant traits 
were analyzed in the field and laboratory. At flowering, total number of leaves per 
plant was determined in the laboratory by counting the total number of dry and 
green leaves and total leaf area per plant in cm2 was measured on a leaf area 
measurement apparatus (LI-300, Licor). At maturity, plant height (distance from 
the ground to the middle of the head) was measured in the field and expressed in 
cm.  
The mean values and coefficients of correlation (r) as indicators of 
interdependence of two variables were determined according to HADŽIVUKOVIĆ 
(1991). 
The components of genetic variance were assessed by the MATHER and 
JINKS (1982) method. 
RESULTS AND DISCUSSION 
Significant differences were found between the inbreds' means and the 
mean values of their F1 and F2 hybrids in total leaf number per plant, total leaf area 
per plant and plant height.  
Among the parent lines, line NS-22B had the smallest (18.2) and line NS-
BD the largest (43.4) average number of leaves. The smallest average leaf number 
in the two generations was found in NS-22B x NS-NDF (21.2, 20.7) and the largest 
in NS-22B x NS-BD (32.3, 31.8) (Table 1).  
Among the six inbreds, the smallest average leaf area per plant was that of 
NS-204B (0.20m2) and the largest that of NS-BD (0.41m2). In the F1 generation, 
NS-22B x NS-NDF had the smallest and OCMS1xNS-BD the largest mean value 
of this parameter (0.42 and 0.57 m2, respectively). With the F2s, the lowest and 
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highest values were those of NS-22BxNS-NDF and OCMS1xNS-K, respectively 
(Table 1).  
 
Table 1. Mean values of sunflower yield components 
Ubl ulp vb PARENTS and hybrids 
 (m2) (cm) 












































































































































P6 NSK 24.2 0.26 127.4 
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The lowest mean for plant height was recorded in the inbred line NS-NDF 
(54.0cm) and the highest in NS-K (127.4 cm). The smallest average plant height in 
the F1 generation was obtained with NS-BD x NS-NDF (88.4 cm) and the highest 
OCMS1 x NS-204B (141.6 cm). In the F2 generation, the plant height means 
dropped relative to the F1s — the lowest were found in NS-22B x NS-NDF (79.6 
cm) and the highest in OCMS1 x NS-204B (137.7 cm) (Table 1).  
The additive component of genetic variance (D) was larger than the 
dominant one (H1 and H2), so additive gene effects apparently are of greater 
importance in the inheritance of leaf number in sunflower.  
That additive gene action has more influence on inheritance the of leaf 
number in this crop is supported by the findings of KOVAČIK (1960), NEDELJKOVIĆ 
(1992) and KUMNAR et al. (1998) but contradicts results obtained by MARINKOVIĆ 
(1982), who argues that it is the dominant gene effects that have a larger influence 
in the inheritance of leaf number in sunflowers.  
The F value was positive, meaning that dominant genes prevailed over 
recessive ones, as confirmed by the calculated frequency of dominant (u) and 
recessive (v) genes in the two generations. When these two types of genes are 
distributed symetrically in the parents, the value of the expression H2/4H1 is 0.25.  
In the case of leaf number, as shown by our data, dominant and recessive 
genes were not evenly distributed in the parent lines, as the H2/4H1 value was 
different from 0.25 in both generations. The calculated degree of dominance value 
(H1/D)1/2 was lower than one, indicating that in the inheritance of leaf number we 
had a case of partial dominance looking at all the combinations as a whole. The 
ratio of the total number of dominant genes to total number of recessive ones 
(Kd/Kr) was higher than one in all the parents, which suggests that the dominant 
genes prevailed over recessive ones (Table 2).  
 
Table 2. Variance components of total leaf number per plant, total leaf area and plant 
height 
Total leaf number Total leaf area Plant height Variance 
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Analysis of genetic variability components in both generations (F1 and F2) 
showed that the value of the dominant component (H1 and H2) was higher than that 
of the additive one (D). This means that dominant effects were of greater 
importance in the inheritance of leaf area per plant. In the present paper, dominant 
gene effects were more important than additive ones in the inheritance of leaf area 
per plant, which is in agreement with the findings of MOROZOV (1974), 
MARINKOVIĆ (1980), ŠKORIĆ (1980), CHAUDHARY and ANAND (1985), KOVAČIK 
and ŠKALOUD (1990) and JOKSIMOVIĆ et al. (1997) but not in agreement with 
CECOONI and BALDINI (1991), who found additive gene effects in the inheritance 
of total leaf area per plant. The F value was positive, indicating that dominant 
genes prevailed over recessive ones, which agrees with the calculated frequencies 
of dominant (u) and recessive (v) genes. Dominant and recessive genes were not 
evenly distributed in the parental lines, since the H2/4H1 value was not 0.25 in 
either generation. The ratio of the total number of dominant genes to total number 
of recessive ones (Kd/Kr) in all the parents was higher than one, suggesting that 
the dominant genes prevailed over recessive ones (Table 2). The average degree of 
dominance (H1/D)1/2 was higher than one, indicating that in the inheritance of leaf 
area superdominance was present in both generations (Table 2). 
The additive component of genetic variance (D) for plant height was 
greater than the dominant one (H1 and H2) in the F1 and F2 generations. The results 
of the present study show that the inheritance of this trait in sunflower is controlled 
by additive gene action, which is supported by the results of RAO and SING (1977) 
but does not agree with those of PUTT (1965), VELKOV (1977), and MARINKOVIĆ 
(1981). KOVAČIK and ŠKALOUD (1990) and GANGAPPA et al. (1997) argue that this 
traits is affected by additive as well as nonadditive genes. The F value was 
positive, meaning that dominant genes prevailed over recessive ones. This was 
confirmed by the frequency of dominant (u) and recessive (v) genes. Dominant and 
recessive genes were not distributed evenly in the parent lines, as the H2/4H1 value 
differed from 0.25. The ratio of dominant to recessive genes (Kd/Kr) was above 
the value of one, suggesting that the dominant genes prevailed over recessive ones 
(Table 2). The fact that the (H1/D )1/2 ratio was smaller than one in both generations 
shows that the mode of inheritance of plant height was partial dominance. 
 
Table 3. Correlation coefficients for total leaf number per plant and leaf area, total leaf 
number per plant and plant height, and total leaf area and plant height 






*,** Significant at 5% and 1%, respectively 
 
The determination of interdependence among total leaf number, total leaf 
area per plant and plant height (Table 3), has revealed significant positive 
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interdependence between total leaf area per plant and total leaf number per plant 
(0.285*) and plant height (0,278*).  
The study has shown that in developing lines and hybrids with altered 
appearance, i.e. plant architecture, it is essential to know the mechanism of gene 
action and gene interaction with other genes and the environment when it comes to 
the expression of a particular trait.  
CONCLUSION 
Significant differences in mean values of all the traits were found among 
the genotypes in the F1 and F2 generations.  
Additive gene effects were of greater importance in the inheritance of 
total leaf number per plant and plant height, while in the case of total leaf area per 
plant the nonadditive ones were more important looking at all the combinations in 
the F1 and F2 generations.  
The average degree of dominance (H1/D)1/2 was lower than one for total 
leaf number per plant and plant height, so the mode of inheritance was partial 
domination. With total leaf area, on the other hand, the value was higher than one, 
indicating superdominance was the mode of inheritance.  
Significant positive correlation was found between total leaf area per plant 
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I z v o d  
Oplemenjivanje suncokreta u svetu i kod nas usmereno je na povećanje 
prinosa semena i sadržaja ulja po jedinici površine, otpornosti prema bolestima, 
insektima i stresnim uslovima optimalizacijom arhitekture biljke. U cilju 
utvrđivanja načina nasleđivanja, efekta gena i međuzavisnosti ukupnog broja 
listova po biljci, ukupne lisne površine po biljci i visine biljke, izvršena su dialelna 
ukrštanja isključujući recipročna sa šest genetski divergentnih inbred linija 
suncokreta. Dobijene su signifikantne razlike u srednjim vrednostima za sva 
ispitivana svojstva F1 i F2 generaciji. Aditivni efekat gena je bio od većeg značaja u 
nasleđivanju ukupanog broja listova po biljci i visini biljke dok je neaditivni efekat 
gena bio značajniji kod ukupne lisne površine po biljci uzevši u obzir sve 
kombinacije ukrštanja u F1 i F2 generaciji. Prosečan stepen dominacije (H1/D)1/2 je 
kod ukupnog broja listova po biljci i visine biljke manji od jedinice iz toga se može 
zaključiti da je način nasleđivanja parcijalna dominacija, a kod ukupne lisne 
površine je veći od jedinice što ukazuje na superdominaciju. Značajna pozitivna 
međuzavisnost ustanovljena je između ukupne lisne površine po biljci i ukupnog 
broja listova po biljci (0.285*), visine biljke (0.278*). Rezultati ovih istraživanja 
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